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ABSTRACT. The present study aims to investigate the influence of the 
temperature on the radical scavenging capacity (measured by the    2, 2-
azinobis (3-ethylbenzothiazolyne-6-sulphonic acid) diammonium salt radical 
cation assay) and ferric reducing antioxidant power (FRAP) of Cornelian 
cherry fruit extract. The impact of the thermal treatment was investigated by 
monitoring these parameters at 75°C and comparing the obtained values to 
those resulted by refrigerated storage of the extract. The Cornelian Cherry 
extract showed a great stability of the antioxidant activity after 10 days of 
storage at 75°C (ca. 29% loss of antioxidant capacity).  
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INTRODUCTION 
 

The beneficial biological effects of plant-derived nutrients are well 
indicated by their antioxidant properties. Phytochemicals from fruits and 
vegetables attracted lately a great attention, especially on their ability in 
preventing oxidative stress caused diseases such as heart and neurodegene-
rative illnesses, cancer, arthritis [1, 2]. Cornelian cherries (Cornus mas L.) can 
be a valuable source of antioxidant compounds and their consumption may 
reduce the risk of several degenerative diseases. The main phytochemicals 
acting as antioxidants and free radical scavengers in these fruits are: ascorbic 
acid, anthocyanins, flavonoids and other polyphenols [3]. Cornelian cherries 
can be consumed fresh, dried or processed as marmalades or beverages.  
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The most extensively used method in the food processing is thermal 
treatment. The microbiological stability and the extent of shelf-life can be 
achieved by this method. Thermal processing may affect the antioxidant 
capacity of foods. Some studies mentioned the decrease of this parameter 
where others have reported an increase of the antioxidant activity after 
thermal treatment [4, 5]. The health promoting capacity of fruits is therefore 
affected by their processing history. Processing, especially thermal, is 
expected to affect the content and the biological activities of the bioactive 
components in fruits. Although the thermal degradation of Cornelian cherries’ 
polyphenols was already investigated [6, 7] there is no study reporting the 
influence of the temperature on the stability of the antioxidant capacity of 
these fruits. There is well known that the total phenolic content is not 
necessarily correlated to the antioxidant activity and the thermal processing 
can different affect these two parameters which may vary in opposite ways. 
By investigating the effect of thermal treatment on cactus pears, Jaramillo-
Flores et al. [8] reported a significant decrease in the total phenolic content at 
high temperatures but an increase of the antioxidant activity. This fact can be 
due to the presence of other antioxidant phytocompounds such as ascorbic 
acid and carotenoids. The reduction in phenolic content could not always 
fully predict the reduction in the antioxidant activity. Thus, the objective of this 
study was to investigate the effect of heating on the free radical scavenging 
effectiveness and reducing ability of the Cornelian cherry fruits extract. 
 
 
RESULTS AND DISCUSSION 
 

Cornelian cherry (Cornus mas L.) fruits are known for their elevated 
antioxidant activity, characteristic related to the presence of anthocyanins, 
flavonoids and other phenolic compounds [9]. That’s why these less consumed 
fruits may be considered a valuable source of antioxidant compounds in the 
diet.  

As the antioxidant capacity of fruit extracts strongly depends on the 
kind of individual antioxidants present in the sample, more than one assay is 
recommended to be used for the determination of the total antioxidant 
capacity of these samples. Different methods have been reported to be used 
for the evaluation of the in vitro antioxidant capacity of fruits of which ABTS, 
FRAP, DPPH, PRAP and ORAC are the most widely used [10, 11]. It is 
recommended that at least two of these assays to be combined in order to 
provide complet information on the total antioxidant activity of natural 
samples. FRAP (ferric reducing antioxidant power) assay and ABTS (2,2-



IMPACT OF THERMAL TREATMENT ON THE ANTIOXIDANT ACTIVITY OF CORNELIAN …  
 
 

 
313 

azinobis(3-ethylbenzothiazolyne-6-sulphonic acid diammonium salt) assays 
have been lately widely applied to analyse the Trolox equivalent antioxidant 
capacity (TEAC) of different fruits. The determined values for the antioxidant 
activity were 9684.62 µM Trolox and 8982.20 µM Trolox in Cornelian cherries 
extract as determined by ABTS and FRAP assay [12] respectively. These 
methods are based on different mechanisms for assessing the antioxidant 
capacity of samples. The ABTS assay measures the free radical scavenging 
capacity of antioxidant compounds, while the FRAP assay indicates the 
ability of these compounds to act as reducing agents. The ABTS and FRAP 
assays use different techniques for measuring the antioxidant capacity of a 
sample namely the reduction capacity (FRAP) and the diradical inhibition 
(ABTS). The two methods offered comparable information on the measured 
TEAC of Cornelian cherry fruits. 
 Figure 1 presents changes in the antioxidant activity of the investigated 
extracts during storage at 2°C and 75°C, measured by ABTS and FRAP 
assays. 

ABTS assay indicated a ca. 10% reduction of the antioxidant capacity 
of Cornelian cherry fruits extract after 60 days of cold storage (2°C, Figure 
1a). The FRAP values also declined upon refrigerated storage, but the 
changes were higher as compared to the ABTS assay. At the end of the 
storage the antioxidant activity evaluated by the FRAP assay was reduced 
by 17%.  

Storage at 75°C (Figure 1b) resulted in a higher loss of the antioxidant 
capacity of the extracts. After 10 days of storage, both methods indicated a ca. 
29% decrease of the antioxidant activity of the investigated extracts.  

 
 
 

 
 

Figure 1. Changes in the antioxidant activity of the Cornelian cherries extracts 
during storage at: a) 2°C and b) 75°C 
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 Regardless of storage temperature, the Cornelian cherry fruits extracts 
showed good storage stability in terms of the antioxidant capacity, as evaluated 
by both assays. These observations are in accordance with the findings of 
other authors who confirmed the storage stability of antioxidant capacity of 
other fruits such as blueberry, apricots, pomegranate plums and raspberry 
[13-16]. The measured values of the antioxidant capacity strongly fluctuated 
during the storage periods according to both applied analytical methods. This 
behavior can be explained by various reactions that may occur. The reduction 
of the antioxidant activity may be due to degradation of water soluble phenolic 
compounds such as anthocyanins and vitamin C [6, 17]. The increase of the 
antioxidant activity was not at all surprising, as also reported by other studies 
[18-20] and can be explained by compounds generated during Maillard reaction 
and also by formation of procyanidins, low molecular polymers with antioxidant 
activity or by generation of other degradation products of anthocyanins or 
phenolic acids, compounds which also present antioxidant capacity [21, 22]. 

Overall, the in vitro assays demonstrated that antioxidant capacity of 
Cornelian cherry fruits extract slightly decreased after the investigated 
storage intervals. 

 
 

CONCLUSIONS 
 
 Cornelian cherry fruits are more and more investigated due to their 
high content of antioxidants phytocompounds which confer them numerous 
health benefits. The aim of the present study was to investigate the influence 
of temperature on the antioxidant capacity of these fruits during storage.   
In order to achieve this goal, the fruit extracts were stored at 75°C for 10 
days. The decrease in the antioxidant activity observed during this storage 
period was not significant compared to refrigerated storage indicating that 
thermal treatments which are often applied in food processing and storage 
does not dramatically influence the health promoting antioxidant capacity of 
these fruits. 
 
 
EXPERIMENTAL SECTION 
 

 Chemicals and reagents 
 

All chemicals and reagents were purchased from Merck (Darmstadt, 
Germany), were of analytical grade and were used without further purification. 
A TYPDP1500 Water distiller (Techosklo LTD, Držkov, Czech Republic) was 
used to obtain the distilled water.  
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 Plant material 
 

Samples of Cornelian cherries were purchased in August 2016 from 
a local market in Cluj-Napoca, Romania. Fruits of uniform ripening stage, 
shape and weight were selected, washed with distilled water and used to 
obtain the fruit extract.  

 
 Extract preparation 

 

The extraction procedure was conducted as described in previous 
studies [9]. Milled Cornelian cherry fruits were subjected to acetone 
extraction. The extraction was conducted at room temperature for 1 hour. 
The solution was filtered and the filtrate was concentrated to a solvent free 
extract using a rotary evaporator. The extract was divided into two portions: 
the first was stored at 2°C for 60 days and the second was stored in a 
thermostatic water bath preheated at 75°C, in order to investigate the effect 
of thermal treatment on the antioxidant activity of the samples. Changes in 
the antioxidant capacity of the samples were analyzed by measuring this 
parameter at different time intervals. 
 

Determination of antioxidant activity 

1. ABTS Assay 

ABTS radical cation scavenging ability of the fruit extract was assessed 
by the method proposed by Arnao et al. [23]. Two stock solutions were 
prepared as follows: a 7.4 mM ABTS and a 2.45 mM potassium persulfate 
solution in distilled water. The ABTS+·was activated by mixing equal volumes 
of the two stock solutions which were then allowed to react for 24 h in the 
dark at room temperature. The obtained solution was diluted with distilled 
water to obtain an absorbance of 0.8-0.9 at 734 nm. An amount of 100 L 
Cornelian cherry fruit extract (128 fold diluted) was allowed to react with 6mL 
diluted ABTS solution for 15 minutes in the dark. Using a Perkin Elmer 
Lambda 25 double beam UV-Vis spectrophotometer (Perkin Elmer, Shelton, 
CT, USA) the absorbance of the samples and the blank was read at 734 nm. 
A calibration curve was used to express the antioxidant activity of the 
investigated samples in ߤmol Trolox equivalents/L extract. 

2. FRAP Assay 

 The ferric reducing antioxidant power (FRAP) assay was performed 
using the method of Benzie and Strain [24]. Stock solutions of 300 mM 
acetate buffer (pH= 3.6), 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) solution in 
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40 mM HCl and 20 mM FeCl3⋅6H2O solution in distilled water were prepared. 
The working FRAP reagent was freshly prepared for each measurement of 
the antioxidant activity as follows: 2.5 mL TPTZ solution were mixed with 25 
mL acetate buffer solution and 2.5 mL FeCl3⋅6H2O solution and the 
resulting mixture was warmed to 37°C before use. A total of 150 ߤL fruit 
extract was allowed to react to 2850 ߤL warm FRAP reagent for 30 minutes 
in the dark. Absorbance reading of the resulted colored complex was taken 
at 593 nm against a blank sample. The results were expressed in ߤmol 
Trolox equivalents/L extract, using a standard curve. 
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